Background The sensitivity and specificity to detect periprosthetic infection of the different methods have been questioned, and no single laboratory test accurately detects infection before revision arthroplasty. Questions/purposes We asked whether preoperative C-reactive protein (CRP) and interleukin-6 (IL-6) could lead to similar sensitivity, specificity, and predictive values as our previous results obtained with intraoperative frozen section (FS) in revision total hip arthroplasty (THA). Methods We prospectively followed 69 patients who had undergone revision THA for failure of a primary THA. The definitive diagnosis of an infection was determined on the basis of positive histopathologic evidence of infection or growth of bacteria on culture.
Introduction
Periprosthetic joint infection is one of the most challenging complications of total joint arthroplasty. In a study of 51,345 revision THAs performed between 2005 and 2006, this complication was the third most common cause of revision THA in the United States after dislocation and mechanical aseptic loosening [5] . However, the distinction between aseptic loosening and infection is often difficult but crucial, because the treatments are different. The diagnosis of infection is typically based on the history, clinical findings, radiographs, scintigraphy, laboratory studies, and sometimes aspiration. However, the sensitivity and specificity of the different methods have been questioned, and no single laboratory test accurately detects infection before revision arthroplasty [2, 3, 8, 12, 17, 18, [22] [23] [24] [25] [26] [27] . The sensitivities and specificities for single tests in these studies range from 37 to 100% and from 83 to 100% respectively [4, 7, 20, 26, 29] .
Intraoperative analysis of frozen sections (FSs) is commonly used to diagnose periprosthetic infection [1, 2, 6, 9, 10, 16, 18, 19] . We previously reported FSs for infection that was in agreement with the observations on standard histology in 134 of 136 cases [20] . However, FS is a Each author certifies that he has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his institution has approved the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. Interleukin-6 (IL-6) is a cytokine produced by monocytes and macrophages that induces the production of major acute-phase proteins, including C-reactive protein (CRP), and may be a valuable marker of infection after major surgery [11, 13, 30, 31] . With a normal serum IL-6 level defined as less than 10 pg/mL, the serum IL-6 test reportedly had a sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of 1.0, 0.95, 0.89, 1.0, and 97%, respectively, in 58 patients undergoing revision hip and knee arthroplasty [7] .
We therefore asked whether preoperative CRP and IL-6 could lead to similar sensitivity, specificity, and predictive values as our previous results obtained with intraoperative FS in revision THA.
Patients and Methods
We prospectively followed 69 patients with a THA needing a reoperation for failure between February 2007 and July 2008. We excluded patients with chronic inflammatory diseases (two patients), Paget's disease (three patients), and immunodeficiency syndromes (one patient), because the IL-6 level is reportedly elevated in these conditions [14, 28] . The study group included 19 men and 50 women with a mean age of 68 years (range, 38-91 years). The study was approved by our Institutional Review Board, and the patients gave informed consent.
The definitive diagnosis of an infection was determined on the basis of positive histopathologic evidence of infection (defined by the presence of five or more polymorphonuclear leukocytes per high-power field on postoperative histologic examination of pathologic specimens) or growth of bacteria on culture [18] [19] [20] .
Blood samples were obtained within 2 hours before surgery to determine erythrocyte sedimentation rate (ESR) level, CRP level, and IL-6 level. Approximately 3 mL of blood was centrifuged in the hospital clinical laboratory for 10 minutes at 4°C; the separated serum was stored at À80°C and was later thawed and used to determine ESR, CRP, and IL-6 levels in our laboratory. The ESR was measured using the Westergren method. The CRP level was determined with use of a high-sensitivity turbidimetric Synchron LX20 Pro (Beckman Coulter, Fullerton, CA). IL-6 levels were determined with use of an immunoenzymetric assay for the in vitro quantitative measurement of human IL-6 in serum (BioSource IL-6-EASIA Kit; BioSource Europe, Nivelles, Belgium).
The BioSource IL-6-EASIA is a solid-phase enzyme amplified sensitivity immunoassay performed on a microtiter plate. The assay uses monoclonal antibodies (MAbs) directed against distinct epitopes of IL-6. Calibrators and samples react with the capture monoclonal antibody (MAb 1) coated on a microtiter well and with a monoclonal antibody (MAb 2) labeled with horseradish peroxidase (HRP). After an incubation period allowing the formation of a sandwich-coated MAb 1-human IL-6-MAb 2-HRP, the microtiter plate is washed to remove unbound enzymelabeled antibody. Bound enzyme-labeled antibody is measured through a chromogenic reaction. Chromogenic solution (TMB) is added and incubated. The reaction is stopped with the addition of stop solution and the microtiter plate is then read at the appropriate wavelength. The amount of substrate turnover is determined colorimetrically by measuring the absorbance, which is proportional to the IL-6 concentration. A calibration curve is plotted and IL-6 concentration in samples is determined by interpolation from the calibration curve. The use of the EASIA reader (linearity up to 3 OD units) and a sophisticated data reduction method (polychromatic data reduction) result in a high sensitivity in the low range and in an extended calibration range.
The threshold laboratory value to be positive for infection was assigned for the CRP level (10 mg/L) and the IL-6 level (10 pg/mL) to determine the sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of each test [7] .
Three to five samples of tissues to be analyzed were taken during surgery from the pseudocapsule, the cementbone interface of the femur and acetabulum, and any other tissues involved according to the surgeon's judgment. All samples were referred for frozen sections and to be processed on a routine basis. Samples for cultures were taken from the same areas and were packed into a sterile surgical container to avoid contamination. No patient received antibiotic therapy for the previous 3 weeks before the samples were obtained, and all the surgical procedures were supervised by one of the authors (MB). All samples were processed and analyzed by the pathology and bacteriology units of our hospital. Histologic analysis was performed on all material. Smear tissue staining was hematoxylinphloxine. Serial sections (4 mm thick) were processed in a freezing chamber and stained with hematoxylin-phloxine and toluidine blue. The material for standard processing was fixed in 10% formol and paraffin and embedded in an automatic tissue processor. Six microsections stained with hematoxylin and eosin and Mason's trichrome were observed with an optical microscope under high magnification (total magnification 9400) and a polarized-light lens (Axiostar; Carl Zeiss MicroImaging, Inc, Thornwood, NY).
All samples were analyzed by two pathologists (AM, HGR) who counted the number of cells in 10 fields. Neutrophils, lymphocytes, plasma cells, macrophages, multinuclear giant cells, acrylic material, and polystyrene particles were included. For the specific purposes of this study, only neutrophils were considered. We considered a sample infected if there were five or more polymorphonuclear leukocytes [19, 20] . Bacteriologic analyses were performed in at least five samples from the same sites as those that were taken for histopathologic examination. The samples for aerobic and anaerobic cultures were plated on chocolate agar, blood agar, and different enriched culture media. They were incubated for 5 days and subcultured daily for aerobic and anaerobic bacteria. Cultures were considered negative when there was no growth of bacteria in 14 days, no growth of fungus in 4 weeks, and no growth of mycobacteria in 8 weeks. Cultures were considered positive if there was growth of at least one colony.
The sensitivity, specificity, positive predictive value (PPV), negative predictive value, and accuracy of each test were calculated. Receiver operating characteristic curves were used to examine the relationship between sensitivity and the false-positive rate (1-specificity). Fisher's exact test was used to determine direct statistical comparison between the tests.
Results
Eleven of the 69 hips were infected ( Table 1 ). The combination of an elevated CRP and IL-6 was correlated with deep infection in all the cases and showed a sensitivity of 0.57 (0.13-1.00), a specificity of 1.00 (0.99-1.00), a positive predictive value of 1.00 (0.87-1.00), and a negative predictive value of 0.94 (0.87-1.00).
The combination of CRP and IL-6 identified all patients with deep infection of the implant and showed a sensitivity of 0.57 (0.13-1.00), a specificity of 1.00 (0.99-1.00), a positive predictive value of 1.00 (0.87-1.00), and a negative predictive value of 0.94 (0.87-1.00) ( Table 2) (Fig. 1) .
Discussion
The sensitivity and specificity to detect periprosthetic hip infection of the different methods have been questioned, and no single laboratory test accurately detects infection before revision arthroplasty (Table 3) . That led us to ask ourselves whether preoperative CRP and IL-6 could lead to similar sensitivity, specificity, and predictive values as our CRP + IL-6 57% (0.13-1.00) 100% (0.99-1.00) 100% (0.87-1.00) 94% (0.87-1.00) \ 0.001 Ss = specificity; Sp = specificity; PPV = positive predictive value; NPV = negative predictive value; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; FS = frozen section; IL-6 = interleukin 6; nc = not calculated. Fig. 1 Receiver operator curves (ROC) demonstrating sensitivity and specificity for C-reactive protein, frozen sections, interleukin-6 and the combination between C-reactive protein and interleukin-6 are shown. The combination of C-reactive protein and interleukin-6 provided similar sensitivity, specificity, and positive predictive values as the frozen sections.
historical controls obtained with intraoperative FS in revision THA. We acknowledge limitations of our study. First is the relatively small number of patients that limits the statistical power of our conclusions. We found a low sensitivity (0.57) of the combination of CRP and IL-6 with a large confidence interval (0.13 to 1.00) is also a limitation. We observed high positive and negative predictive values combining CRP and IL-6. However, these values should be taken cautiously, because they depend on the prevalence of the disease in the sample being studied. There were 11 patients with infections in among our 69 patients, which is not the prevalence of infection in the general population. Second is the absence of a ''gold standard'' test. We used either growth of bacteria on culture or positive histopathologic evidence of infection as our gold standard. While positive intraoperative cultures have been considered by some as the gold standard for diagnosing infection at the site of a THA, with only the culture as an end point, the PPV of a positive intraoperative culture was only 2.4% [21] . This suggests cultures alone are an unreliable predictor of infection at the time of revision surgery [21] . Furthermore, intraoperative cultures are subject to various limitations such as errors in culturing technique, delays in plating cultures, failure to use all appropriate media, and a potential for antibiotics to have been given preoperatively without the surgeon's awareness or to have been placed in the irrigant, and contaminants. Third, FS analysis may be related to more errors than a preoperative laboratory test. One error could be made by the surgeon by not taking samples from the areas of greatest suspicion. Another error might be made by the pathologist when handling the samples. There is a chance that the area chosen is not infected, and the availability of a specialized musculoskeletal pathologist is not guaranteed at any time during revision surgeries.
Limitations of the IL-6 diagnostic method include high costs and that a high number of cases are needed to perform all the tests at the same procedure. The disadvantages of the serum tests are that they are nonspecific and may increase in response to several diseases with acute inflammatory reactions. On the other hand, this test is readily available and can be serially monitored, although it may be difficult to use it routinely in public institutions. Furthermore, advances in laboratory procedures may reduce the costs for each test, making it economically justifiable to use IL-6 for screening purposes after surgery. Until these advances arrive, IL-6 may be used in combination with CRP in the cases in which infection cannot be ruled out with the use of ESR and CRP. The ideal test for infection diagnosis should be able to be carried out before the operation and should involve a minimum number of tests, which in combination should be accurate, convenient to the patient, cause minimal morbidity, and be costeffective. Determination of CRP has gained increased acceptance for diagnosis of an infected THA. Serial CRP measurements are useful not only as a diagnostic tool for infection, but also for monitoring the effect of treatment and for the early detection of any relapse. After successful treatment of an infected THA, the normalization time for CRP is much shorter than the time needed for the ESR to drop to normal [15] .
We found the IL-6 serum level was less specific than CRP (0.87 versus 0.96) and combining CRP and IL-6 identified all patients with deep infection of the implant. However, our data suggest the combination of CRP and IL-6 is as useful as FS for the detection of periprosthetic infection. PPV = positive predictive value; NPV = negative predictive value; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; IL-6 = interleukin-6.
